~," The authors evaluate eight patients with intracerebral hemorrhage (ICH) who underwent computerized tomography (CT) within 22 hours after symptom onset and then again several hours later. The second CT scan was performed within 12 hours after onset for seven of the patients and 100 hours after onset for the eighth patient. In four patients, the second CT scan was obtained prospectively. The mean percentage of increase in the volume of hemorrhage between the first and second CT scans was 107% (range 1% to 338%). In each of the six patients with a greater than 40% increase in hemorrhage volume, neurological deterioration occurred soon after the first CT. A systolic blood pressure of 195 mm Hg or greater was recorded during the first 6 hours in five of the same six patients. The data from this study indicate that, in ICH, bleeding may continue after the 1 st hour post-hemorrhage, particularly in patients with early clinical deterioration.
T
HE belief that active bleeding in spontaneous intracerebral hemorrhage (ICH) lasts less than 1 hour is widespread within the neurological and neurosurgical community, 7 yet little data have been collected during the early course of intracerebral bleeding in humans. Recent observations in eight patients during the first few hours post-ICH have prompted us to question when the bleeding does stop.
Materials and Methods
Seven Cincinnati hospitals have been involved in a dose-escalation trial of tissue plasminogen activator (t-PA) for treatment of acute focal cerebral ischemia. One of the goals of this study is to identify appropriate stroke patients, evaluate them by means of computerized tomography (CT), and treat them within 90 minutes of stroke onset. Because the t-PA study investigators are called to evaluate a stroke patient before CT has been completed, they have the opportunity to evaluate patients with ICH soon after the onset of bleeding. From September 1, 1987 , to August 1, 1988 , eight patients who had a spontaneous ICH were evaluated by the study investigators. Each patient underwent CT within 2 89 hours of onset, and then again several hours later. Of the eight patients, four had the second CT scan performed prospectively to assess ICH growth (if any); the other four underwent repeat CT because of clinical deterioration.
The following clinical information was abstracted from the hospital record: age, race, gender, time of hemorrhage onset, times and results of neurological examinations, times of CT relative to the ICP, vital sign measurements, changes in level of consciousness, presence or absence of risk factors associated with cerebrovascular disease, surgical and medical interventions (if any), outcome at 30 days, and autopsy results.
To measure the size of ICH, the areas of hemorrhage were traced on graph paper placed over the CT scan and a light-box. The number of blocks on the graph paper corresponding to a centimeter on the CT image was calculated using the measurement scale on the CT film itself. Hemorrhage within the ventricular system was not measured except in those patients with a thalamic hemorrhage, in whom it was difficult to differentiate between blood within and blood immediately adjacent to the ventricle. To establish ICH volume, the volume of hemorrhage on each CT scan slice was calculated by multiplying the traced area of hemorrhage by the slice thickness (1 cm). The volumes of hemorrhage for each CT slice were then s u m m e d to obtain the total hemorrhage volume. The accuracy of the graph-paper method was tested by comparing the results with those obtained using the pen-trace and CT video monitor method. For the latter method, the areas of hemorrhage were traced directly from the CT monitor, using tapes which were available for eight of the 16 
Results
In six o f the eight patients, the hemorrhage volume increased substantially between C T scans (43% to 338%) and the patients experienced neurological deterioration (Table 1, Figs. 1 and 2) . In all eight patients, the m e a n percentage o f increase in the volume of hemorrhage between the first and second C T scans was 107% (range 1% to 338%). The m e a n (_+ standard deviation) volume o f the eight hemorrhages measured The mean time from stroke onset to first C T scan was 70 + 34 minutes, with a range o f 35 to 140 minutes ( Table 1 ). The mean time from stroke onset to the second C T scan was 16 + 34 hours, with a range from 105 to 6000 minutes. The origin o f bleeding was the p u t a m e n (three patients), thalamus (three patients), and frontal subcortical white matter (two patients). For the latter two patients, the first C T scan revealed the largest hemorrhage volumes and the second C T scan revealed no significant increase in the size o f the hemorrhage.
Pertinent historical data for the eight patients are presented in Table 2 . Four patients were alert on initial evaluation and the other four were lethargic but responsive to voice (Table 3 ). All patients, except Case 6, showed deterioration in their level o f consciousness during the first four hours after onset of symptoms. Deterioration in five patients was associated with a systolic blood pressure of 195 m m Hg or greater. Associated bradycardia (< 50 beats/min) was noted in two of these hypertensive patients. Four patients required administration o f nitroprusside for control o f their blood pressure. An intraventricular catheter (IVC) was placed in three patients within 12 hours of I C H onset ( Table 3 ). The initial IVC pressures ranged from 15 to Ultra-early evaluation of intracerebral hemorrhage 18 m m Hg a n d two o f the three patients were deeply comatose (Glasgow C o m a Scale scores o f 3, 5, and 11).
Three patients u n d e r w e n t early surgical evacuation o f the h e m o r r h a g e at 3, 4, or 14 hours after onset, and in a fourth patient surgical evacuation was conducted at 48 hours ( Table 3 ). The operative report for one 1 61, M patient (Case 1) n o t e d several areas of active bleeding in the deep basal ganglia. All four surgical patients survived b e y o n d 30 days but had severe neurological 2 44, M disability; three required total nursing care. O f the four nonsurgical patients, two died a n d two survived longer 3 56, F than 30 days b u t had severe neurological deficits and required n u r s i n g -h o m e care. Autopsies of the two pa-4 73, M tients who died showed thalamic hemorrhage and rupture into the ventricular system. severe neurological deficit, nursinghome care died 5 days after onset, autopsy chronic vegetative state, nursinghome care * IVCP = intraventricular catheter pressure; GCS = Glasgow Coma Scale score. + Highest blood pressure during the first 6 hours.
al.,9 reported four patients with ICH and hypertension (hypertensive ICH) whose serial CT scans revealed continued bleeding. These patients underwent noncontrast CT and contrast-enhanced CT 15 minutes apart within 6 hours after onset. In three of the four patients, the active bleeding was associated with neurological deterioration. Katada, et al., 8 reported that serial CT scans showed evidence of enlargement in 5% of 500 consecutive patients with "hypertensive hemorrhages." Increase in the volume of hemorrhage occurred most frequently during the 1 to 3 hours after onset. The number of patients who underwent serial CT scanning, the average time at which CT was performed relative to the onset of ICH, and the clinical state of the patients were not reported.
Prior to the availability of CT, Herbstein and Schaumberg 5 indicated that intracerebral bleeding in spontaneous ICH rarely continues beyond 2 to 3 hours. These investigators injected 5~Cr-labeled erythrocytes into 1 1 patients 2 to 5 hours after the estimated onset of ICH and measured 51Cr activity within the hematoma during autopsy. None of the nine patients with "hypertensive hemorrhage" showed postmortem evidence of 51Cr activity within the hematoma. In contrast, autopsies of the two patients with a nonhypertensive cause for their hemorrhage (an arteriovenous malformation and an aneurysm) did show evidence of 5~Cr activity. The study was limited in that the earliest injection of 51Cr was 2 hours after onset of symptoms, the clinical criteria for identification of ICH were not stated, the study was performed prior to the CT era, and only 1 1 patients were investigated.
The limited CT and autopsy data presently available suggest that bleeding in ICH can continue after the 1 st hour postictus (although rarely beyond 5 hours), and that the duration of bleeding may depend upon the underlying mechanism of hemorrhage. We do not assume spontaneous ICH to be a homogeneous entity. Vascular pathology, age, location of bleeding, coagulation status, and blood pressure are potentially important in determining when and why bleeding stops in an individual patient. The largest increases in the volume of hemorrhage in our study occurred in young hypertensive patients with deep hemorrhages. The six patients who had a substantial increase in the volume of ICH exhibited persistently marked hypertension during the early course of bleeding. It is not clear whether this was a secondary effect due to an intracranial mass or the cause of continued bleeding.
The use of aspirin by four of our patients could also have played a role in the persistent bleeding. In a study of normal volunteers, McLeod, et al., 1~ found that doses of aspirin ranging from 50 to 3900 mg/day significantly prolonged bleeding durations above control values. It is conceivable that a similar prolongation of bleeding could occur at the site of an injured cerebral vessel. This hypothesis is supported in a preliminary report of the ongoing physician's health study, ~5 which showed that one aspirin tablet taken every other day was associated with an increased risk of hemorrhagic stroke.
Progressive neurological deterioration during the first 24 hours after onset has been a distinguishing feature of ICH in both autopsy I and CT 6'12 series. Possible causes include progressive growth of the hematoma, increased intracranial pressure, and secondary ischemic effects of the hematoma upon surrounding brain parenchyma. A close association between hemorrhage growth and neurological deterioration in our patients suggests that growth of ICH is at least partly responsible for neurological deterioration during the first 5 to 6 hours.
The percentage increase in the volume of hemor- FIG. 3 . Model illustrating the relationship of hemorrhage volume to hemorrhage radius. The volume of intracerebral hemorrhage may be approximated using the formula for the volume of a sphere, in which volume is proportional to the third power of the radius.
rhage between the first and second CT scans was higher than anticipated from visual inspection. Although ICH's have various shapes, their volume may be approximated using the formula for a sphere in which volume is proportional to the third power of the radius (Fig. 3) . Thus, a 10% increase in the radius of hemorrhage on a CT scan slice will result in a 33% increase in the volume of hemorrhage.
Experimental studies of ICH have used young, healthy animals without cerebrovascular pathology to model the deep hypertensive hemorrhages found in humans; 3,~~ however, two thirds (103 cases) of the 154 ICH's found at the Cincinnati hospitals during 1982 occurred in persons aged 60 years or older. 2 In a study in Rochester, Minnesota, during 1975 to 1979, CT scans of approximately half of the ICH patients over the age of 65 years showed evidence of cortical or subcortical hemorrhage, an atypical location for "hypertensive hemorrhage. ''4 Autopsy studies of ICH showed that amyloid angiopathy equaled hypertension as a causative factor in patients over 65 years old. TM These clinical studies indicate that animal models of ICH have significant limitations as models for ICH in humans. Accordingly, a prospective study of the ultraearly time course of ICH is needed in humans to determine how age, location of bleeding, underlying vascular pathology, blood pressure, and coagulation status affect the duration of bleeding and subsequent clinical outcome. Such a study is essential for the proper design of future therapeutic trials.
